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CONTAINERS AND CARGOES
CODE OF SAFE PRACTICE FOR CARGO STOWAGE AND
SECURING (CSS CODE)
Amendments to the CSS Code
1 The Maritime Safety Committee, at its sixty-fourth session (5 to 9 December 1994), adopted, in

accordance with operative paragraph 3 of Assembly resolution A.714(17), the annexed amendments to
the Code of Safe Practice for Cargo Stowage and Securing (CSS Code).

2 Member Governments are invited to bring the said amendments to the attention of shipowners,
ship operators, shipmasters and crews and all others concerned.
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ANNEX

AMENDMENTS TO THE CODE OF SAFE PRACTICE
FOR CARGO STOWAGE AND SECURING

1 Replace the first sentence of paragraph 1.9.1 of chapter 1 by:

"Prior to shipment the shipper should provide all necessary information about the cargo to enable
the shipowner or ship operator to ensure that:".

2 Replace paragraph 2.9.1 of chapter 2 by:

"2.9.1 Where there is reason to suspect that a container or vehicle into which dangerous goods
have been packed or loaded is not in compliance with the provisions of regulation VII/S.2 or 5.3
of SOLAS 1974, as amended, or with the provisions of section 12 or 17, as appropriate, of the
General Introduction to the IMDG Code, or where a container packing certificate/vehicle packing
declaration is not available, the unit should not be accepted for shipment.".

3 Replace paragraph 3.2 of annex 6 by:
"3.2 The lashings can be of a conventional type using wire, steel band or any equivalent means."

4 Add a new annex 13, as shown in the appendix.
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APPENDIX

Annex 13

Methods to assess the efficiency of securing arrangements for non-standardized cargo

L. SCOPE OF APPLICATION
The methods described in this annex should be appliedto non-standardized cargoes, but not to containers on containerships .
Very heavy units as carned under the provisions of Chapter 1.8 of the Code of Safe Practice for Cargo Stowage and Secunng

(the Code) and those items for which exhausuve advice on stowage ana sccuring 1s given in the annexes to the Code should be

excluded.

Nothing in this annex should be read to exclude the use of computer software. provided the output achieves design parameters
which meet the mimimum safety factors applied in this annex.

The application of the methods described in this annex are suppiementary to the principles of good seamanship and shail not

replace expenence n stowage and secunng practice.

2. PURPOSE OF THE METHODS

The methods should:

A provide guidance for the preparation of the Cargo Secunng Manuai and the exampies theren;

assist ship's staff in assessing the secunng of cargo units not covered by the Cargo Securing Manuai:

to

assist qualified shore personnel in assessing the secunng of cargo units not covered by the Cargo Secuning Manual: and

a5 W

serve as a reference for mantime and port related education and training.

3. PRESENTATION OF THE METHODS
The methods are presented in a umiversally applicable and flexible way. It is recommended that designers of Cargo Securing
Manuals convert this presentation into a form suiting the particular ship, its secuning equipment and the cargo camed. This

form may consist of applicable diagrammes. tables or calculated examples.

4. STRENGTH OF SECURING EQUIPMENT
Manufacturers of securing equipment should at least supply information on the nominal breaking strength of the

equipment in kilo-Newton (kN) '
"Maximum Securing Load” (MSL) is a term used to define the load capacity for a device used to secure cargo to a ship.
Maximum secunng load is to secunng devices as safe working load is to lifting tackle.
The MSL [or different secuning devices are given below if not given under 4.3.
The MSL of timber shouid be taken as 0.3 kN per cm= normal to the grain.
| MSL
’ 50%% of breaking strength
fibre rope 3375 ot breaking strength
‘ 80°%% of breaking strength
|
|

N

Materiai
shackles. nngs, deckeyes. turnbuckles ot muid steel

wire rope (single use)

wire rope (re-usable) 30% of breaking strength
steel band (single use) 70% of breaking strength
chains S0% ot breaking strength

Table {: Determination of MSL from breaking strength

D kN =100 kg
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For particular secunng devices (e.g. [libre straps with tensioners or special equipment for securing containers) a
permissible working load may be prescribed and marked by authority. This should be taken as the MSL.

When the components of a lashing device are connected in series. for example. a wire to a shackle to a deck eyes. the
minimum MSL in the senes shail appiy to that device .

SAFETY FACTOR
the assessment of a secuning arrangement by a calculated balance of forces and moments the caiculation strength of

g devices (CS) should be reduced against MSL using a safety factor of 1.5 as follows:
MSL
CS = -
L5

The reasons for this reduction are the possibility of uneven distribution of forces among the devices, strength reduction due to

poor as

sembly and others.

Notwithstanding the introduction of such a saletv factor, care should be taken to use securing elements of similar material and
length in order to provide 2 umiform elastic behavior within the arrangement.

7.1

RULE-OF-THUME METHOD
The total of MSL values of the securing devices on each side of a unit of carpe (port as well as starboard) shouldicqua.l

the weignt of the unit <).

This method, which implies a transverse acceleration of 1 g (9.81 m/sec?) , applies to nearly any size of ships regardless
of the location of stowage, stability and loading conditions. season and area of operation. The method however, neither
takes into account the adverse effects of lashing angles and nom-homogencous distribution of forces among the

securing devices nor the favourable effect of friction.

Transverse lashing angles to the deck should not be greater than 60° and it is important that adequate friction is
provided by the use of suitable matenal. Additional lashings at angles of greater than 60° may be desirable to prevent
tipping but are not to be counted in the number of lashings under the rule-of-thumb.

ADVANCED CALCULATION METHOD

Assumption of external forces

External [orces to a cargo umit in longitudinal, transverse and vertical direction should be obtained using the formula:

Fooy,z) = ™ axyz) © Fwey) © Fsxy)

longitudinal, transverse and vertical forces

F(xy.2)

m = mass of the unit

Ax.y,z) longitudinal. transverse and vertical acceleration (see table 2)
F‘w(x‘y ) longitudinal and transverse force by wind pressure

F s(x.y) longitudinal and transverse force by sea sloshing.

The basic acceleration data are presented in Table 2.

) The werght of the urut should be aken n kN
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Transverse acceieration a,, in m/sec? Longitudinal
acceleration
a, in m/sec2
on deck high 71 69 68 67 67 68 69 71 74 3.8
ondeckiow 65 63 61 61 61 61 63 65 67—--,29
tween deck 59 56 55 54 354 55 56 59 62 ,/ 20
lower hold 55 53 51 50 50 51 53 55 59 S 1.5
0 0.1 02 03 04 05 06 07 08 09 L
| Vertical acceleration a, in m/sec?
76 62 S50 43 43 50 62 76 92

Remarks:

The given transverse acceleration figures include components of gravity, pitch and heave parallel to the deck. The given

Table 2: Basic acceieration data

vertical acceleration figures do not include the static weight component.

The basic acceleration data are to be considered as valid unaer the following operational conditions:

Car L) o=
. . .

[« S TTR N
.

B/GM 2 3.

For operanon in a restricted area reduction of these figures may be considered taking also into account the season of the vear

and the duration of the vovage.

For ships ofa length other than 100 m and a service speed other than 15 knots the acceleration figures should be corrected by

a factor given 1n Table 3.

Operaton in unrestncted arca.
Operation dunng the whole year.
Duration of the voyage 1s 25 days.
Lengtn of the ship 1s 100 m.
Service speed 1s (5 knots.

(B: breadth of ship , GM: metacentnic height)

Length ‘ 50 60 70 80 90 100 120 140 160 180 200
Speed

9kn  1.20 1.09 100 092 085 0.79 0.70 0.63 0.57 0.53 0.49
12kn 1.34 1.22 1.12 1.03 0.96 0.90 0.79 0.72 0.65 0.60 0.56
1S kn 1.49 1.36 1.24 1.15 1.07 1.00 0.89 0.80 0.73 0.68 0.63
18 kn 1.64 1.49 [ 1.37 1.27 1.18 1.10 0.98 0.89 0.82 0.76 0.71
21 kn 1.78 1.62 l 1.49 1.38 1.29 1.21 1.08 0.98 0.90 0.83 0.78
24 kn 1.93 1.76 1.62 i 1.50 1.40 | 1.31 1.17 1.07 0.98 0.91 0.85

Table 3: Correction factors for iength and speed
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[n addition for ships with B/GM less than i3. the transverse acceleration tigures should be corrected by a
tactor given in Table 4

B/GM 7 8 9 10 11 12 13 or above
on deck high 1.56 1.40 1.27 1.19 | 1.11 1.05 1.00
on deck low 1.42 1.30 1.21 1.14 1.09 1.04 1.00
tween deck 1.26 1.19 1.14 1.09 1.06 1.03 1.00
lower hoid 1.15 1.12 1.09 1.06 1.04 1.02 1.00

Table 4: Correction factors for B/.GM < 13

The foilowing cautions should be observed:

In the case of marked roll resonance with amplitudes above * 30°, the given figures of transverse acceleration may .
exceeded. Effective measures should be taken to avoid this condition.

In case of heading the seas at high speed with marked slamming shocks, the given figures of longitudinal and vertical
acceleration may be exceeded. An appropnate reduction of speed sheuld be considered.

In the case of running before large stern or aft quartenng seas with a stability, which does not amply exceed the accepted
mimimum requirements. large roll amplitudes must be expected with transverse acceierations greater than the figures given.

An appropnate change of heading shouid be considered.

Forces by wind and sea to cargo units above the weather deck should be accounted for by a simpie approach:

force by wind presssure = 1 kN per mj.-’
force by sea sloshing I kN per m-.

Sloshing by sea can induce forces much greater than the figure given above. This figure shouid be considered as remaining
inavoidable after adequate measures to prevent overcoming seas.

Sea sloshing forces need only be applied to a height of deck cargo up to 2 metres above the weather deck or hatch top.

For vovages in restricted area sea sloshing forces may be neglected.

7.2  Balance of forces and moments
The balance calculation should preferablv be carmed out for

transverse sliding 1n port and starboard direction

transverse tipping in port and starboard direction
longstudinal sliding under conditions of reduced {riction in foreward and aft direction.

In case of symmetrical securing arrangements one appropnate calculation 1s sufficient.

7.2.1  Transverse sliding

The balance calculation should meet the following condition (see aiso Fig. 1):

F, < p't‘ﬂ‘g+csl‘f1+CS:'f:f“.*CSn'fn

y
where
n s the number of lashings being calculated
F, is transverse torce trom ioad assumption (kN)
u s triction coetficient

(p =03 for steel-timber or steel-rubber)
(u =0 | tor steel-steel drv)
(u =00 tor steel-steel wet)
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m is mass of cargo unit (t)
g IS gravity acceieration or eartn = 3.8 [mus<)
CS s calcuiated strengwn of transverse securing agevices ( kN)

s function Of 4 and vertcal securing angie a (see Table 3).

]

:S, FV
| 5 1 -
| CSu
|

NELOp
v
! / |
I // CSJ I 2
: \.
| —_—
|

Figure 1: Balance of transverse forces

A verrical securing angie « greater than 60° wiil requce the etfactiveness of this particular securing device
in respect to sliding of the unit. Disregaraing of suca devices from the balance of forces shouid be con-
sidereq. uniess the necessary load is gained by tne :mminent tenaency (0 tipping or by a reiiable preten-
sionung or the securing device whicfi inciudes maintaining the pretension throughout the vovage.

Any horizonral securing angie. i.2. Jevialion [Tom e ransverse direction. shouid not excesa 30°
wise an exciusion of this securing device from wie transverse siiding balance shouid be consiaered.

s ' ' ’ ; ; T | ! '
o szl o 0 100 200 e ) ] e o

. other-

|

0.3 [0.72]0.84/ 093] 1.00] 1031 ..04! 1021 0.961 0.87| 0.76| 0.621 0.47] 0.30 ’

0.1 | o0.82] 0.91]0.97] 1.001 1.00| 0.971 0.92] 0.83] 0.72| 0.59| 0.4} 0.27] 0.10 |

0.0 | 0.87| 0.94 | o.9aj 1.00 | o.9sj 0.941 0.871 0.77| 0.64 | o.sof 0.34| 0.17| 0.00 |

Table 5: f-vaiues as function of  and « / Remark: f = gu- sinae + cosa

7.2.2 Transverse tipping
‘V).

This balance caicuiarion shouid meet the following conaition (see also Fig. 2):

Fyra s bem:g + CS; ¢y =CSacy = .. +C5; 5

where
F,,m.g CS.n are Isexpiamned under T
is lever-arm of tipping (m) (see Fig.
a N

lever-arm of stapieness (my (see Fig. 2)

a 2

b s
lever-irm Ot securing force imy isee Fig, 2)

<
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Figure 2: Balance of transverse moments

.2.3 Longitudinal sliding
Under normai conditions tie transverse securing devices provide surficient longirudinal componears t0

prevent jongiruainai siiding. If in douot. a baiance caicuiation siouid meet the following condition:

F‘ < u'(m'g-Fz) +C31-f; - CS‘_)'fz - .. -:-CS,,~1",,

wnere
Fq is longitudinal force from ioad assumption (kN)
n. u, @. g are as expiained under 7.2.1
F, is vertical force rrom load assumption (kN)
CS is calcuiated swengrn of longitudinai securing devices (kN)
Remarx:  Longirudinai components of transverse securing devices shouid not be assumed greater than

0.5-CS.
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Advanced Calcuiation Method

Calcuiated Example
] Ship: L=120m: B=20m GM=l4m
V717 N0% P p— Speed = 15 knots :
,F._-——- p— )
AW‘;_,_‘__- e . Cargn: m =621t dimensions =6-4-4m
S =N T Stowage at 0.7 L on deck low

‘."—3‘7—‘_ 0l_="2)| i

i

T
|

—

400 “0. P | ’ ‘
el —e— 082 — | |
| — t0D view — .

- Tront 18w - L l

Securing materiai: WATE FODEL weneeenneernnneeennnenseenes " nr. strength = 125 kN;  MSL = 100 kN
shackies. mumouckies. deck rings: .. br. strengma = 180 kN: MSL = 90 kN
stowed on quANAage-n0arus: ......... uw = 0.3: CS =90/1.5 = 60kN
Securing arrangement: side n CS a [ c
STBD = o0 kN =0 0.96 -
PORT = 60 kN =0°¢ 0.96 -
PORT = 60 kN 10° 1.04 -
Externali forces: F. = 2.9:-0.89-62 = i6 = 3 = I34kN
F'y = 6.3-0.89-62 =2+ - 12 = 38+kN
F, = 6.2-0.89:62 = 342KN -
Balance of forces (STBD-arrangement): 384 < 0.3:62-9.81 + 4-60-0.96
384 < =il this is ok!

Balance of forces (PORT-arrangement): - 384 < 0.362-981 +2:60-0.96 + 2-60-1.04
384 < <22 this is ok!

T

(o))
(B8}

Baiance of moments: 38418 < 2 62-9.81
: 691 < 216  no upping, even without lashings!
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Explanations and interpretation to the "Methods to assess the
efficiency of securing arrangements for non-standardized cargo"

The exclusion from the scope of application of the methods of very heavy units as carried under the
provisions of Chapter 1.8 of the Code should be understood to accommodate the possibility of ad-
apting the stowage and securing of such units to specifically determined weather- and sea-conditions
during transport. The exclusion should not be understood as restriction of the methods to units up

to a certain mass or dimension.

The acceleration figures given in Table 2 in combination with the correction factors represent peak
values on a 25-day voyage. This does not imply thar peak values in x-, y- and z-direction occur si-
muitaneousiy with the same probability. It can be generally assumed that peak values in the trans-
verse direction will appear in combination with less than 60% of the peak values in longimdinal and
vertical direction.

Peak values in longitudinal and vertical direction may join more closely because thay have the com-
mon source of pitching and heaving.

The advanced calculation method uses the "worst case approach”. That is expressed clearly by the
transverse acceleration figures which inrease to foreward and aft in the ship and thereby show the
influence of transverse components of simultaneous vertical acceferations. Consequently there is no
need to consider vertical accelerations separately in the transverse balances of forces and moments.
These simultaneously acting vertica! accelerations create an apparent increase of weight of the unit
and thus improve the friction in the balaace of forces, respectively the moment of stableness in the
balance of moments. For this reason there is no reduction of the normal force m- g due to the pre-
sent angle of heel. :

The situation is different for the longitudinal sliding balance. The worst case would be g peak value
of the longitudinai force Fy accompanied by an extreme reduction of weight through the vertical
force F.

The friction coefficients shown in the methods are somewhat reduced against appropriate figures in
other publications. The reason for this should be seen in various influences which may appear in
practical shipping as: moisture, grease, oil, dust and other residues, vibration of the ship.

There are certain stowage materials available which are said to increase friction considerably. Ex-
tended experience with these materials may bring additional coefficients into practical use.

"The principal way of calculating forces within the securing elements of a complex securing ar-
rangement should necessarily include the consideration of
- load-elongation behaviour (elasticity),
- geometrical arrangement (angles, length),
- pretension
of each individual securing element.
This approach would require a large volume of information and a complex, iterative calculation.
Still the results would be doubtful due to uncertain parameters.
Therefore the simplified approach was chosen with the assumption that the elements take an even
load of CS (calculation strength) which is reduced against the MSL (maxirum securing load) by the

safety factor 1.5.

When employing the advanced calculation method the way of collecting data should be followed as
shown in the calculated example. It is acceptable to estimate securing angles, to take average angles
for a set of lashings and similarly arrive at reasonable figures of the levers a, b and ¢ for the balance

of moments.

It should be born in mind that meeting or missing the balance calculation just by a tiny change’ of
one or the other parameter indicates to be near the goal anyway. There is no clear-cut border line
between safety and non-safety. It in doubt, the arrangement shouid be improved.







